The origin of the X-ray emission from the central region of the Galaxy has remained a mystery 1,2,3,4 , despite extensive study over the past two decades. A fundamental question is the relative contribution of the point-source and diffuse components of this emission, which is critical to understanding the high-energy phenomena and processes unique to this Galactic nuclear environment. Here, we report on results from a large-scale imaging survey of the Galactic center with sufficient spatial resolution to allow a clean separation of the two components. The He-like Fe Kα emission, previously attributed to the diffuse emission 1 , is found largely due to the discrete X-ray source population. The number and spectrum of such sources indicate the presence of numerous accreting white dwarfs, neutron stars, and/or black holes in the region. The diffuse X-ray emission dominates over the contribution from the faint discrete sources and is shown to be associated with distinct interstellar structures observed at radio and mid-infrared wavelengths, suggesting that it arises from the recent formation of massive stars.
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We have carried out a systematic X-ray survey of the Galactic Central (GC) region at arcsecond scales with the Chandra X-ray Observatory 5 . Figure 1 presents the image of the X-ray emission arising from the GC region. The figure, though optimized to reveal low surface brightness features, shows many discrete sources. Our preliminary source detection analysis results in ∼ 1000 discrete sources in the field with a signal-to-noise of > ∼ 3σ. Less than 20 of these sources are previously known objects, most of which are bright X-ray binaries 6, 7 ; examples include the two bright accreting X-ray binaries, 1E 1743.1-2843 and 1E 1740.7-2942. Based on a comparison with the source density in a relatively blank region of the Galactic plane 8 , we estimate that up to half of our newly detected sources could be luminous background active galactic nuclei, the X-ray radiation from which is highly attenuated by the Galactic interstellar absorption. The X-ray absorption also varies across the field, affecting the surface brightness distribution, particularly in the 1 − 3 keV The count rate ratio of the sources to the enhanced diffuse component in the two spectra ( Figure   2 ) is ∼ 0.25 in the 2 − 10 keV band. Even in the regions of the deepest exposure (∼ 120 ks in the Sgr B2 region, including an archival observation 13 ), where the source detection limit reaches ∼ 8 × 10 31 ergs s −1 , the diffuse emission dominates. There is no known X-ray source population that might contribute substantially below this source detection limit.
The He-like Fe Kα-line (at ∼ 6.7 keV) is not as prominent in the diffuse emission spectrum as in the discrete source spectrum. The ubiquitous and strong presence of this line in previous X-ray spectra of the GC region 1 is partly due to discrete sources. The reduced strength of the He-like is Sgr A East, most likely a young supernova remnant, which has an X-ray spectrum characterized by a thermal plasma with a temperature of ∼ 2 keV and shows a strong 6.7-keV emission line 14 .
Our spectral results also suggest that nonthermal processes contribute significantly to the diffuse X-ray emission, especially at the higher energies. A recent study has demonstrated that the inclusion of a non-thermal component in modeling the X-ray background spectrum from the Galactic plane and toward the GC significantly reduces the required characteristic temperature of the plasma component 3 . But the nature and origin of this contribution remain unclear. Nearly half of our detected diffuse emission in the 5-8 keV band is due to the Fe 6.4-keV line (Figure 2 ), which results from the filling of neutral to moderately ionized Fe K shell vacancy due either to ionization by hard X-ray radiation (> 7.1 keV) or to collision with non-relativistic cosmic rays 3 .
We find that the distribution of the line emission is indeed generally correlated with lumpy dense molecular material 15, 16 . However, currently there is not a sufficient population of bright X-ray sources in the GC region to produce the 6.4-keV line fluorescence 13, 17 . One possibility might be that the luminosity of X-ray sources (e.g., the GC supermassive black hole) varies greatly and that the currently low luminosity is abnormal. If the luminosity averaged over the light crossing time of the region (a few hundred years) is several orders of magnitude higher, much of the 5-8 keV band diffuse emission may then be explained as the past point-like emission scattered/fluoresced off molecular clouds found in the region 18, 15 .
We also find that the continuum emission in the 4-6 keV range is substantially more uniformly distributed along the central Galactic plane than both the 6.4-keV line and the emission in the lower energy bands. This continuum emission may be induced partly by nonthermal electrons.
However, we find little correlation between diffuse X-ray and radio features in the GC region. Of the eight prominent nonthermal filaments (NTFs) known, only one has a direct X-ray counterpart:
G359.54+0.18 (Ref. 19 ; marked as "X-ray Thread" in Figure 1 ). In particular, the X-ray emission is not correlated with the most prominent NTFs in the Radio Arc or with the mid-infrared shells/arcs (e.g., Figure 3 ). This suggests that the bulk of the emission cannot be due to the inverse Compton scattering of the cosmic microwave background or the interstellar infrared radiation off relativistic electrons 20 . But bremsstrahlung and Fe K shell vacancy from non-relativistic cosmic-ray electrons ( < ∼ 1 MeV) remain a possibility 3 .
Such multiwavelength comparisons have provided us with a new perspective of the interplay between various stellar and interstellar components in the GC region. The enhanced diffuse X-ray emission is globally correlated with massive star forming regions, which include the GC, Arches, and Quintuplet clusters 21 . In particular, the Quintuplet cluster is thought to be responsible for producing distinct shell-like structures as seen in radio and mid-infrared (Figure 3 ). These structures, together with the enclosed diffuse X-ray-emitting materials, are likely a product of mechanical energy release from massive stars in form of supernova explosions and fast stellar winds.
It is interesting to compare the massive star forming regions of the GC with the 30 Doradus nebula. The collective energy releases in the two regions are comparable 21, 22 . With an overall extent of about 300 pc, the 30 Dor nebula consists of blisters of X-ray-emitting gas enclosed in photon-ionized loops and shells 22 . But the bulk of the X-ray emission arises in gas with a characteristic temperature < ∼ 10 7 K, and the gas apparently cools off with increasing distance from the central cluster R136. However, such gas in the GC region is not traced by X-rays observed in our Chandra survey, because of the heavy foreground absorption (∼ 10 23 cm −2 ). The strongly enhanced hard X-ray emission ( > ∼ 4 keV) is thus very unique to the GC environment. The expansion and outflow of the high-pressure and buoyant plasma/cosmic rays may be responsible for the large-scale, vertical diffuse radio and soft X-ray features observed above and below this region of the Galaxy 23,24 .
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